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SPECIFICATION 



Electronic Version 1 .2.8 
Stylesheet Version 1.0 

METHOD AND SYSTEM FOR 
REMOTELY PROVIDING USER- 
DEFINEDCUTTING FILES FOR 
CNC ROBOTIC TOOLS 

Background of Invention 

[0001] The use of computer numerically controlled (CNC) robotic tools has become 

increasingly prevalent in recent years. With the advent of individual machines that are 
relatively affordable, the number of personal use, home shop systems as well as 
small-scale commercial use systems has grown accordingly. Concurrently, the 
Internet, a vast, public communications network of interconnected computers and 
smaller networks, has developed to provide a vehicle for the purchasing of goods and 
services by consumers. Although in general e-commerce or online shopping 
transactions are reasonably common, their use in the CNC field is infrequent. 

[0002] 

CNC tools may generally be three-axis, four-axis, or five-axis machines. A three- 
axis machine is one that allows the tool to move linearly along mutually orthogonal X, 
Y, and Z axes of a fixed coordinate system. A four-axis machine is one that allows the 
tool to move linearly along mutually orthogonal X, Y, and Z axes of a fixed coordinate 
system and also allows rotation of a workpiece about a rotary axis. A five-axis 
machine usually puts a wrist-like fourth and fifth axis on the Z arm of a three-axis 
machine to allow full tangential motion of a cutter in relation to the work surface. 
Numerical control allows digital accuracy to position the axes of a machine and to 
control other factors such as the cutting speeds and feeds for a machining pattern. 
This positioning and control information (the Numerical Control (NC) data) makes up 
an NC part program or cutting file that is created by a programmer. It can be used 
repeatedly to make multiple parts. After they are created, the cutting files are stored 
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in a memory of the control system of the CNC tool. The CNC tool reads the cutting file 
in order to machine a part. 

[0003] The cutting file directs the machine through a series of steps. The instructions 

direct the tool with respect to where the workpiece is to be cut and in what order the 
cuts are to be made. The cuts may be straight line or circular. Once the CNC program 
is written and stored in the controller, manual action is normally limited to setting up 
the part, starting the CNC controller that executes the program, and carrying out any 
necessary manual operations such as tool changes. 

[0004] There are several ways that a cutting file may be created. Use of a punched tape is 
a method with which NC programming originated. More recently, portions of an NC 
program can be. created and loaded directly into the controller memory by teaching 
the machine with a hand held programmer. 

[0005] Many CNC systems are programmed according to a standard of the Electronic 
Industries Association designated as EIA RS 274-D. This standard defines C-codes, 
also known as movement and preparatory functions, and M-codes, also known as 
miscellaneous functions, which are used in sequence to direct the machine tool. 
Individual CNC manufacturers and programmers may use these codes, define their 
own, or incorporate a combination of both in their own software that reads and writes 
cutting files. One such proprietary code is by ShopBot Tools, Inc. of Durham, North 
Carolina. The software generally converts between standard and proprietary codes 
through the use of conversion tables. 

[0006] Cutting files can be created through various methods, most of which are available 
to users of relatively expensive, large-scale commercial CNC systems, but may not be 
readily available for less expensive small-scale commercial or home shop systems. 
The most direct method is for a programmer to write the code, line by line, on a 
personal computer (PC) using a text editor. This requires that the programmer have 
knowledge of all of the EIA or proprietary codes, the required syntax, and the ability to 
calculate positions and movements. 



A menu-driven system, commonly called conversational programming, is another 
method for creating a cutting file, in which the programmer simply responds to 



[0007] 
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queries from the controller and fills in the blanks in a displayed form. The controller 
then creates the NC code required to generate the motions defined by the 
programmer. 

[0008] A method that generally requires more expensive software for creating NC code • 
for a cutting file is through use of a Computer Aided Design/Computer Aided 
Manufacturing (CAD/CAM) system. Using a CAD/CAM system, the programmer first 
defines the geometry of the part and then the cutting path. The system software then 
determines the desired cut path on the particular machine. In addition there are 
specialized CAD/CAM programs that can be used for certain types of objects, such as 
signs or kitchen cabinets. 

[0009] Lacking the more complicated software or the training to use it, it is difficult to 

create cutting files for complex objects, and making manual modifications to a cutting 
file is a tedious process. 

Summary of Invention 

[0010] 

The present invention provides an interactive way to generate and provide custom 
cutting files for use with a CNC robotic tool. In one embodiment, a method for 
providing a cutting file for a CNC tool to a customer or user includes providing on a 
server remote from the user a generic model for a product to be made by the user. A 
corresponding representational image having default design parameters is displayed 
to the customer, and the customer can choose to modify the image by changing the 
design parameters as desired. Then the user selects final design parameters. In some 
embodiments a new, customized image is generated and displayed after the user 
changes design parameters for the image, incorporating any changes directed by the 
user. Data corresponding to the final design parameters is received at a site remote 
from the user. At the remote site, a cutting file is generated using the model, 
reflecting the final design parameters. The custom cutting file is then made available 
to the user, for example, by transmitting the file to the user or posting the file on an 
Internet web page accessible by the user. The transmission of the cutting file may 
further include the step of executing a sale. The display may also include display of 
individual parts of the product to be made. Some embodiments of the invention also 
include apparatus for performing the above functions. In some embodiments, a 
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computer program provides instructions for performing each of the above functions. 

[001 1] Some embodiments include a computer readable memory system encoded with a 
data structure for enabling provision of a cutting file for a computer numerical control 
robotic tool to a customer. The memory system is accessible over a network. The data 
structure comprises generic models for products to be made by a customer, and 
representational images corresponding to the products and having default design 
parameters. 

[001 2] In other embodiments, a method for a customer to acquire a cutting file for a CNC 
robotic tool is addressed from the perspective of the customer or user. The user views 
a representational image of the product corresponding to a generic model for the 
product and having default design parameters. The user identifies and inputs any 
desired modifications to the design parameters, and views a final representational 
image that reflects final design parameters. The user transmits data reflecting the 
final design parameters to a remote site, and then requests and receives a cutting file 
from the remote site, corresponding to the final design parameters. 

Brief Description of Drawings 

[0013] FIG. 1 is an example screen display of a product having default design parameters 
that might be encountered by a user of an embodiment of the present invention. 

[0014] FIG. 2 is an example screen display that might be generated as the result of 

modifications to default design parameters input by the user to the screen display in 
FIG. 1. 

[001 5] FIG. 3 is an example screen display of individual parts of the product that might 
be generated based on the user modifications of FIG. 2. 

[0016] FIG. 4 is a network block diagram that illustrates both the network architecture 
and the overall method according to one embodiment of the invention. 

[001 7] FIG. 5 is a block diagram showing modules and database structure of one 
embodiment of the invention. 

[0018] 

FIG. 6 is a flow chart showing the steps involved in executing one embodiment of 
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the present invention. 



[0019] 



FIG. 7 is a system block diagram of a computer platform implementing a server 
system according to one embodiment of the invention. 



Detailed Description 



[0020] 



FIG. 1 shows a computer screen image of one embodiment of the present 



invention, including a default image for a product, in this case a box, that a user may 
wish to make with his or her CNC tool. The box 1 00 has default design parameters, 
such as the parameters that make up size, and was previously selected as the product 
type by the user. Various design parameters may be modified by the user, including 
the length 1 04, width 1 06, and height 1 08 of the box 1 00, as well as the thickness 
110 of the material to be used. Further, the features of the product may be selected; 
for example, the user may choose to include a sliding lid 1 1 2. The dimensions of the 
material from which the pieces will be cut, or the blank 1 1 4, are also input. A user 
may also select certain preset sizes 1 16, and may alter viewing angle of the image 
using commands 1 1 8. FIG. 2 shows an image of a box 1 00 a that has been redrawn to 
reflect the input of the user. After the image of the product is redrawn and the 
parameters are determined to be satisfactory by the user, for the purposes of this 
example, the option to go to part file creator 1 20 is depressed. Then the image shown 
in FIG. 3 is created. 

[0021] Input of system parameters and, in particular, tool-related data, such as the 

vacuum hose size and type 1 22 on the CNC tool and the bit size 1 24, are provided by 
the user on the screen shown in FIG. 3. Then the user may view collectively, in 
sequence, or a combination of both, each piece 1 26 that makes up the product. 
Further, if the user wants to make a change to the design, the back to design mode 
option 1 28 is depressed and returns the user to the screen of FIG. 2 for modification 
of parameters 1 04, 1 06, 1 08, 1 1 0, 1 1 2, 1 1 4, 1 1 6 as desired. When the screen of FIG. 
3 is complete, the option to contact server to make cutting files 130 is depressed. 
This cutting file is sometimes referred to herein as a custom cutting file because the 
file is generated depending on the final design parameters selected by the user. The 
portion of the software that carries out the present invention as shown in FIGS. 1 -3 is 
referred to herein as the design interface module. 
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[0022] 



FIG. 4 illustrates an example operating environment of the invention. Clients 400 



communicate through the Internet 402 with a server system 404 and directly 
communicate with a CNC tool 406. The servers 404 transmit data to the clients 400 as 
required. While one of ordinary skill in the art will recognize that client systems 400 
may include servers and may be part of a network (for example, Wide Area Network or 
Local Area Network), when reference is made herein to a server, the reference is to the 
server system 404 on the opposite side of the Internet 402 or other communication 
route from an individual user. A client 400 may comprise a client system network, 
with individual personal computers or terminals linked together, or may simply be one 
personal computer with a communication line to the server. Such a communication 
line may be, for example, through the Internet 402, leased line, local area network, 
point to point dial-up connection, or other known means. In addition, the client 400 
need not be connected to the CNC tool 406; for example, the client 400 may receive 
data which the user saves on floppy disk or writeable CD for transport to a PC that 
communicates with the CNC tool 406. Further, the system may be embodied at a 
kiosk, with variable types of operating configurations as would be understood by one 
of ordinary skill in the computing arts. 

[0023] If Internet connections are used to implement the invention, documents for 

display and printing are sent using a form of Internet protocol, such as transmission 
control protocol / internet protocol, or TCP/IP. Various standard protocols can be 
used to format data. For Internet communications generally, hypertext transmission 
protocol (HTTP) is important. With HTTP, a client computer specifies a uniform 
resource locator (URL) and a request to access services and retrieve documents. This 
request is transmitted via HTTP to a computer that can process the request and return 
a document as a web page. Web pages are typically defined using hypertext markup 
language (HTML). The extended markup language (XML) can also be used. While HTML 
provides a standard set of tags that describe the contents of a web page and how it 
should be displayed, XML provides a standard means of describing any content 
through the use of user defined tags. The context and meaning of the XML tags is 
specified through the use of document type definitions (DTD's). 

[0024] pj C 5 shows the database and module structure of the present invention. The 

cutting file generation module 500 resides on the server system 404. The remaining 
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components may reside on the server 404 or the client 400, irrespective of their 
depicted locations in FIG. 5. Default generic models for particular products 502, 504, 
506 are used by the cutting file generation module 500. One example of a type of 
generic product model includes a cutting file template. A cutting file template might 
include the structure of a cutting file for a particular product, but include variables 
rather than specific numbers that represent the design parameters. The final design 
parameters would be inserted into the template in place of respective appropriate 
variables to generate the cutting file. Other types of generic models that also could be 
used to generate cutting files include models based on algorithms, as could be 
developed by one of ordinary skill in the CNC tool and computing arts. The generic 
product models 502, 504, 506 may reside on either the server or the client. 

[0025] In the embodiment of FIG. 5 there are default images 510, 512, 514 

corresponding respectively to generic models of a box 502, sign 504, and chair 506, 
although such products may include any item that may be made with CNC tools. The 
default images have default design parameters, as discussed with respect to FIGS. 1 - 
3. A design interface module 516 includes executable code that allows a user to 
modify the default images 510, 512, 514 and then transmit the modifications to the 
cutting file generation module 500. 

[0026] The design interface module 516 may be stored on the server, on the client 

system hard drive, or other client-side media such as a CD-ROM. The design interface 
module 5 1 6 may also run on the server 404, or on the client 400 by a downloaded 
script such as a Java applet or other program loaded into the client RAM, and provides 
a graphical user interface (GUI) through which the user can interactively revise the 
design of the product, as shown by the example of FIGS. 1 -3. Such a GUI may be 
created in accordance with knowledge of one of ordinary skill in the art and the 
interactive features may vary in accordance with the choice of the designer and still 
remain within the intent and scope of the present invention. 

[0027] 

FIG. 6 is a flow chart for describing one embodiment of a method of providing a 
custom cutting file in accordance with the present invention. This example 
corresponds the example screens and images shown in FIGS. 1-3. In step 600, a user 
accesses a computer that is linked by the Internet or other means to the server 404. 
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The user may access the software of the design interface module 516 through its own 
hard drive, the server 404, or other means. Once the software or web page is initiated, 
the user selects the desired product 602. The default image is then displayed 604. 
The user must choose whether to edit the design parameters 606 of the default 
image, the design parameters being the features such as the dimensions of the 
product and the blank that will be used to make the product. If the user wants to edit 
the parameters, a choice must be made regarding selecting preset sizes, editing 
dimensions, or both 608. Once parameters are entered, if modification is desired, the 
display will change to show the modified image 61 0. The user can then decide 
whether to continue editing design parameters 61 2 and proceed, after confirmation 
614, with executing a purchase 61 6 of a cutting file. The user may also decline to edit 
the default dimensions 606 and proceed, again after confirmation 614, with executing 
the purchase 61 6 of a cutting file. 

[0028] The user next transmits the design parameters 61 8 to the server 404. The file 

generation module 500 accesses the generic model 620 from either data transmitted 
by the user or from a database resident on the server, and then generates the custom 
cutting file 622 on the server 404. In the next step 624 the server will then either 
transmit the custom cutting file to the user through email or other well know 
transmission means, or will post the file for electronic retrieval from a web site. The 
user will receive or retrieve and download the file 626. It should be understood that 
the above steps may change in their order and still fall within the scope of the present 
invention. It should also be understood that access to the cutting files may also be 
directed by the user to a location other than the user"s client system, such as to a 
commercial service that will cut the parts, and still fall within the scope of the present 
invention. 

[0029] Although the invention may operate within the context of networks, some 

software that can be used to implement the invention resides on and runs on one or 
more computer systems, which in various embodiments are personal computers, 
workstations, or servers, such as might be owned or operated by the CNC file 
provider. FIG. 7 illustrates further detail of a computer system that implements part of 
an embodiment in this way. System bus 701 interconnects the major components. The 
system is controlled by microprocessor 702, which serves as the central processing 
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unit (CPU) for the system. The system includes an I/O device, which may be a network 
adapter or modem 703 for connection to the Internet 704 or to other types of 
networks that allow the provider to communicate with clients. System memory 705 is 
typically divided into multiple types of memory or memory areas, such as read-only 
memory (ROM), random-access memory (RAM) and others. If the computer system is 
an IBM compatible personal computer, the system memory also contains a basic 
input/output system (BIOS). A plurality of other general input/output (I/O) adapters or 
devices 706, are present. Only two are shown for clarity. These connect to various 
devices including a fixed disk 707, a diskette drive 708, and a display 709. The 
computer program instructions for implementing the functions of the file generation 
module 500 are stored on the fixed disk 707, and are partially loaded into memory 
705 and executed by microprocessor 702. It should be noted that the system as 
shown in FIG. 7 is meant as an illustrative example only. Numerous types of general- 
purpose computer systems are available and can be used. Available systems include 

TM 

those that run operating systems such as Windows by Microsoft and various 
versions of UNIX. The client/user side of the system may also be similar to the 

server/CNC file provider system of FIG. 7, with the exception that the file generation 

module 500 will only be on the server side. 

[0030] 

Elements of the invention may be embodied in hardware, in software, or a 
combination of both (including firmware, resident software, micro-code, etc.). 
Furthermore, the invention may take the form of a computer program product on a 
computer-usable or computer-readable storage medium having computer-usable or 
computer-readable program code embodied in the medium for use by or in 
connection with an instruction execution system. Such media are shown in FIG. 7 to 
represent the diskette drive 708 and the hard disk 707. In the context of this 
document, a computer-usable or computer-readable medium may be any medium 
that can contain, store, communicate, propagate, or transport the program for use by 
or in connection with the instruction execution system, apparatus, or device. The 
computer-usable or computer-readable medium may be, for example but not limited 
to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor 
system, apparatus, device, or propagation medium. More specific examples (a 
nonexhaustive list) of the computer-readable medium would include the following: an 
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electrical connection having one or more wires, a portable computer diskette, a 
random access memory (RAM), a read-only memory (ROM), an erasable programmable 
read-only memory (EPROM or Flash memory), an optical fiber, and a portable compact 
disc read-only memory (CD-ROM). Various memory types can be used, for example, 
to store portions of code at the client that relate to the invention. Note that the 
computer-usable or computer-readable medium could even be paper or another 
suitable medium upon which the program is printed, as the program can be 
electronically captured, via, for instance, optical scanning of the paper or other 
medium, then compiled, interpreted, or otherwise processed in a suitable manner, if 
necessary, and then stored in a computer memory. 

[0031] Specific embodiments of an invention are described herein. One of ordinary skill in 
the machining, CNC tool, and computing arts will quickly recognize that the invention 
has other applications in other environments. In fact, many embodiments and 
implementations are possible. The following claims are in no way intended to limit the 
scope of the invention to the specific embodiments described above. In addition, the 
recitation means for is intended to evoke a means-plus-function reading of an 
element in a claim, whereas, any elements that do not specifically use the recitation 
means for, are not intended to be read as means-plus-function elements, even if they 
otherwise include the word means. 

[0032] What is claimed is: 
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